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TECHNICAL NOTE 3800

EXPTORATORY INVESTIGATION OF THE EFFECTIVENESS OF BIPLANE
WINGS WITH TARGE-CHORD DOUBLE SLOTTED FLAPS IN
REDIRECTING A PROPELLER SLIPSTREAM
DOWNWARD FOR VERTICAL TAKE-OFF

By Robert H. Kirby
SUMMARY

Results are presented of static-force tests mede in the static-
thrust facility of the Iangley free-flight tunnel on biplane wings with
large-chord double slotted flaps which turn the slipstream of a single
counterrotating propeller downward for vertical take-~off. The span of
the wings was spproximetely equal to the theoreticael diameter of the
slipstream (70 percent of the propeller diameter). The investigation
provided information on the effect of chord length, flap deflection,
propeller position, end pletes, fuselage, and ground proximity on the
efficiency of the wing system in turning the propeller slipstream.

The Investigation showed that it wes possible to turn the propeller
slipstream 90° so that the resultant-force vector of the wing~propeller
combination was normal to the propeller shaft and was 80 percent of the
megnitude of the propeller thrust. When the model was near the ground,
the slipstream was turned only about 75°, but the resultant force increased
to about 88 percent of the thrust. The resultant force was reduced gbout
10 percent when & fuselage was added to the wing system. Sealing the
slots on the wings had no effect on the turning effectiveness when the
model was well above the ground, but the resultant force was reduced if
the slots were sealed when the model was neer the ground. End plates
were essentlel for obtaining high turning sngles and efficiency.

INTRODUCTION

In the process of designing a free-flight model tc represent a
lisison-class vertical-take-~off airplsne, some exploratory static-force
tests were made by the langley Free-Flight-Tunnel Section with simplified
models essembled from existling components in order to Investigate various
wing systems proposed for the free-flight model. This paper presents the
results of the static-force tests on a biplane configurstion with large-
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chord double slotted fleps which turn the slipstreem of a counterrota-
ting propeller. The investigation provided informetion on the effect of
chord length, flap deflection, propeller position, end plates, fuselage,
and ground proximity on the efficiency of the wing system in turning the
propeller slipstream. Since the tests repcorted in thls paper were mede
only to obtaln some preliminary indication of the relative efficiency of
various configurations, systematic changes of test verisbles were not
made in all cases., It is felt, however, that these results will be
helpful since very little data have been published on the effectiveness
of & biplane configuration in turning the propeller slipstream. =

SYMBOLS

The positive sense of forces, moments, and angles is shown in fig-
ure 1. The pitching moments presented in this paper are referred to a
point on the bottom-wing chord line halfwey between the two wing quarter-
chord polnts es shown in figure 1. The definitions of the symbols used
in the present paper are as follows: :

Py, force normal to thrust &xig, 1b

Fp force parallel to thrust axis (thrust minus drag), 1b c
Fr resultant force, 1b )
My pitching moment, ft-1b

T propeller thrust, 1b L

c wing chord, ft

ol

mean serodynemic chord of wing, ft

e : vertical position of propeller relative to the leading edge
of the lower wing (positive when propeller is above leading
edge), in.
o inclination of resultant-force vector from thrust axis,
tan L ZE, deg O -
D propeller diameter, £t - - _ - v
pRrs wing incidence, deg

8¢ ' flap deflectlion, deg -
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Subscripts:

i, 2 numerals indicating which flasp was deflected (see fig. 1)
APPARATUS AND MODEL

The model was assembled from existing components. The wings were
unswept and untspered and were equipped with large-chord double slotted
flaps. The wing spans were approximstely equal to the diameter of the
theoretical slipstresm (70 percent of the propeller dlameter) and end
plates were used on each end. A sketch of the basic model with chord-
extensions is shown in figure 2, and the geometric characteristics of
each wing and of the propellers are given in the following table:

Fach wing:
Arega, 8Q In. < ¢« ¢ ¢ 4 ¢ ¢ s 0 e e 4 s s 2 e s e e s 151.2
Span, in. Gt e e e s e e e ee s e e s e s e e e e e 16.8
Chord, in. e o ¢ o o a s s e s 8 s s s s s s e s o o 9.0
BirFoll SECtion o« o o« o« o o o ¢ « « o o o o o o o o » o« o o NACA Q015
Aspect TBEIO 4 4 o ¢ ¢ o o e o s s s 4 e s e e o e e e 1.87
Propellers:

TYDE o « o o o o o s o s o o o « s s o o Six-blade counterrotating
Diemeter, ifle o « o o o o o o o o o o o o o o o o o o o s o 2k.0
Hemilton Standard DLade « « « « o o o « o o s s o o « o o+ 3155-6-1.5
Solidity of one Dlade « ¢ o « o o o o o o 2 4 o o o o o 0.0475

Each wing was set at 5° incidence for all the tests. The ordinates
of the flaps were derived from the slotted flep 2-h of reference 1 and
are presented in table I. During the investigation, sheet-aluminum chord-
extensions of various lengths were added to the upper surface of the rear
fleps (fig. 1). These chord-extensions increased the effective angle of
the rear fleps by about T°. )

The wings were mounted on & three-component strain-gage balance so
that 1ift, drag, and pitching moment could be measured. Most of the
tests were msde with the wings mounted on the balance by means of the
end plate as shown in figure 2. For the fuselage- and end-plate-effect
tests, however, the model was mounted as in figure 3 which shows a sketch
of the model with a fuselage and chord-extensions. When the wings were
mounted on the fuselage the deflected flaps of the lower wing were not
cut for the fuselage but were continuous across the span.

The propellers were mounted separately from the wings on another
strain-gege beam so that the thrust could be held constant at 23 pounds
for all the tests. The wooden propellers were driven by a 5-horsepower
electric motor.
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The ground board used in the tests was a 6- by 8-foot sheet of ply-
wood. As the height of the ground board was varied, the angle betweehn
the board and thrust axis was set to the approximate angle needed for
vertical teke-off, that is, normal to the resultant-force vector.

The Investigation was mede under statlc-thrust conditions in a large
open ares (approximstely a TO-foot cube) in the bullding of the Langley
free-flight tunnel and, therefore, needed no corrections normslly ssso-
clated with wind-tunnel tests. o )

RESULTS AND DISCUSSION

The effect of a fuselage on the turning effectiveness of the biplene
wings is shown in figure 4. The shape of the fuselsge is shown on the
sketch in figure 3, and the fuselage wldths are given in the table in
figure 4. The main effect of the fuselage on the effectiveness of the’
wing system was to reduce the resultant force 10 to 15 percent when the
model wes well gbove the ground end 15 to 20 percent when it was near
the ground. -

Flgure 5 glves the effect of end plates on the turning effectiveness
of the wing system with fuselage. The large end plates could be cut down
to small plates with an approximately semlclrcular shape on each wing
with little effect, as shown in the sketch in figure 5; but removal of all
end~-plate area reduced both the turning angle and the resultant force.

In fact, although test points are not shown in figure 5, it was found
that even slight reductions in end-plate aréa beyond that shown in the
figure for the small end plstes caused a considersble reduction in both
the turning asngle and resultant force.

The effect of ground proximlty on the ability of the wings to turm
the slipstream is shown in figure 6. As.shown in figure 6(a) the results
were dependent on the configuration tested. For two of the configurations
there was a reduction of turning angle of about 1o°, but the resultant
force incressed as the model neared the ground. For the third config-
uration of figure 6(a) end for the two configurations shown in fig-
ure 6(b), the turning angle was reduced 30° as the ground was spproached,
whereas the resultant force increased until the model came within 4 inches
of the ground and then decressed asg the model came closer.

The effect of chord length is shown 'in figure 7. In figure 7(a) it
is seen that a reduction in chord length ‘of 1 inch for either of two top
wing positions resulted in a loss of turning angle of about 70, whereas
there was little change in resultant force either with or without ground
proximity. Figure 7(b) shows the effect of chord length for various test
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configurations near the ground. Again, this figure shows that the main
effect of reducing the chord is a reduction of turning angle.

The effect of the top-wing position on the turning effectiveness of
the wing system is shown in figure 8. The best results were obtained
with the top wing sbout 7 inches sbove the bottom wing with the model
either near the ground or away from the ground.

Pigure 9 gives the results of tests at two vertical positions of
the propellers. Further results are shown in figure 6(b). Tests were
made with the thrust line on, 1 inch above, and 1 inch below the chord
line of the bottom wing. Although there was not a large difference in
the results, the best position tested was with the thrust line 1 inch
above the chord line of the bottom wing.

While studying figures 7 to 9 i1t should be noted that the results
presented in these figures (chord length, top-wing position, and propeller
position) were somewhat dependent on each other. The general result from
these tests was that, if enough chord was provided and the wing positions
were such that the wings extended approximately from the top to the bot-
tom of the theoretical slipstream, then the propeller slipstream could be
turned about 90° so that the resultant-force vector of the wing-propeller
combination was normal to the propeller shaft and was 80 percent of the
magnitude of the propeller thrust. When the model was near the ground,
the slipstream was turned only about 75°, but the resultant force
increased to about 88 percent of the thrust. These results are repre-
sented by the circular symbols in figure 7(a).

Figure 10 presents the results obtained from two horizontal posi-
tions of the propellers. When the model was well above the ground there
was little difference between the results obtained with the propellers 4
or 10 inches in front of the leading edge of the bottom wing. With the
ground board set at 4 inches, however, there was e marked increase in
turning angle when the propellers were moved from 10 to It inches in front
of the bottom wing.

The effect of changing the flap deflection is shown in figure 11.
There is a marked difference in the results caused by ground effect.
The main effect of reducing the flap deflections without the ground board
is a reduction in turning angle. Reduclng the flap deflections on both
wings with the ground height at 2 inches, however, results in some increase
in the turning engle and a very large increase in the resultant force.
Another way of summarizing these results 1s to assume that, with large
flap deflections, a high turning angle is achieved, but the effect of
ground proximity is very detrimental. Smaller flap deflections result
in lower turning angles, but ground proximity is not so detrimental and
a higher resultant force is achieved. It should elso be noted that, after
the flsp deflection on both wings wes reduced, as shown in figure 11, the
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flap defle¢tion on the bottom wing was increased to its original value
with little or no loss in resultant force, It would appear, therefore,
that flap deflection on the top wing must.be more critical than on the
bottom wing.

The effect of sealing the slots on the wings is shown in figure 12.
Sealing the slots had no noticeable effect except when near the ground
where a reduction in resultant force was experienced.

CONCLUDING REMARKS

An investigation was made to determine the effectiveness of a blplane-
wing configuration with large-chord double slotted flaps in turning the
slipstream of a counterrotating propeller,

The effects of the vertical position; of the propeller, chord length,
and top-wing position were somewhat dependent on each other. The general
result from this investigation was that, if enough chord was provided and
the wing pesitions were such that the wings extended spproximately from
the top to the bottom of the theoretical slipstream, then the propeller
slipstream could be turned 90° so that the resultant-force vector of the
wing-propeller combination was normasl to the propeller shaft and was
80 percent of the magnitude of the propeller thrust. When the model was
near the ground, the slipstream was turned ohly sbout 75° but the result-
ant force increased to about 88 percent of the thrust.

The effect of ground proximity on the turnlng effectiveness of the
biplane wings depended on the configuration tested. TFor one configurstion
in which the propellers were positioned 10 inches in fromt of the bottom
wing and the flap deflections were 60° and. 30° the turning angle was
reduced 300 when the wings were near the ground The adverse ground
effect could be greatly reduced, however, by moving the propellers closer
to the wings end by utilizing less flap deflection. For the best con-
ditions, ground proximity resulted in a 10° reduction in turning angle
accampanied by & 10- to 20-percent incresse in the resultent force.

The resultant force was reduced about 10 percent when a fuselage
was added to the wing system.

Sealing the slots on the wings had no effect on the turning effec-
tiveness when the model was well ebove the ground, but the resultent
force was reduced 1f the slots were sealed when ‘the model was near the
ground. oo
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End plates with an approximately semicircular shape on each wing
(defined by the upper surface of the wing with the flaps deflected and
a line between the leading and trailing edge) were essential for obtaining
high turning engles and efficiency. ILarger end plates showed no improve-

ment in the turning effectiveness of the wing system.

Lengley Aeronesuticsl Iaboratory,
National Advisory Commlittee for Aeronsutics,

Langley Field, Va., June 12, 1956.
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TABLE I.- DETAILS OF THE WING AND FLAP SECTIONS

8lc—
& Aluminum plates - o —.57¢

PATH OF THE FLAP NOSE

WING AND FLAP ORDINATES ~: [value n percent chord]
BEW Flap Flap
‘S)g'éoenn); Ehord Ordingte, y, percent chord defg - Iy . 2y
I 2 | Y2
eS| Flopy Flap, - 0400 [-35 | 70025
Upper| Lower Upper|Lower| Upper |Lower é% :gg :125? ;2_‘:’ ':g
% | %37 957 30 |525(-15 |772]-12
250 3271-327 140 548 0.5 | 722 |-02
500 440(-440 50 560 ] 20 [ 804 O.7
&9 | 3RRI2E 60 |577{25 |8l.0| I.0
15.00 668l -668 70 59.01 28 181.3] 2.0
2000 77 |-r.\7 — :
25.00 7.43| -7.43 -
30.00 7.50] -1.50
40.00 725 -1.25 -3801380) — | ——
4050 —_— 200510 | — | —
2—588 —_ —— | -1.10 :8.70 —_
44.00 R 153 R — =
2 == Bu==
3000 ses| —— | 28088 —|—
54.00 _ 560
5800 —| == 570 — | —— | ——
60.00 570| -5.70 570 — | — | ——
7o.§o 458 — | —|— 230|230
733 — | 198|238
72.00 —| .60[{-4.00
_7,288 —| L70]-4 .QO
78.00 = | === 38| —=
8000 328| -328 _| — 3.0 ——
2.00 — —| —| 280} —i—
920.00 18| -1.8l | — | — —
95.00 1Al -0l _] | —] —
10000 6| -16 R [ E——
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Figure 1l.- Conventions used to define positive sense of forces, moments,
and angles.
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Figure 2.- Drawing of model. A1l diménsions are in inches.
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Figure 3.- Sketch of model with fuselage and chord-extensions.
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Symbols __| Prop.dist,| Top- |Chordext., |Fuselage | End My/TD
no ground ground n. wing in. w;dth,__l_h. plates|no ground ground
at 4in. dist,in. at 4in.
a d| e f b [ 9 a
o e 40|1.0| 80 |55 | 55| none |large | -0.13 | -O.1
a = 4 | 8 55 | 55 5 large| -.16 -.15
v v 4 | 8 55| 55 6 large{ -.14 -.14

Figure 4.- Effect of fuselage. 8r,1 = 60% B, = 30°.
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Symbols Prop dist.,| Top- | Chord-ext,| Fuselage| End My/TD
no ground] ground 1n. wing in. width, (n. [platesino ground ground
at4in, dist,in, . [ at4mn.
a di{e f b g a
O | ® [40[10[ 80 [55 55| 5.0 |[large|-0.16 |-0.15 |
o " |4 || 8 55 | 55| 5 small{ - .16 |- .I5
A 'y 4 1 8 55 55 5 none|{ - I3 '[- .I2

Figure 5.- Effect of end plates.

8g,1 = 60°%; &r,2 = 30°.

13
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., F,
60 70 80 90 1Q0 = R
] i I S T 1;00

) 8 Lo

Symbol | Ground | Chord-ext,| Prop. dist,| Top-  |Fuseloge |[End Flap angles
n. Jande) n. . |wing |width,in. |plates| boffom | top | My
" |deg dist,, in. wing,deg| wing,deq “Tp
a b g9 [(d ] e f :
o oo} 0] 55)55[40)10| 80 50 |smadll |[60- 30| 60- 30/-0.14
v 18] 555|554 | 8 5 small | 60- 30| 60- 30| -.14
o 12/ 10155 |55 |4 | 8 5 small (60 - 30| 60- 30} -.13
A 8/ 10] 5555 1|4 | 8 5 small| 60- 30| 60- 30| -.13
< 4] 10| 55|55 |4 | 8 5 ° ismali{60- 30} 60-30] -.13
N 2] 15 585]685 4 ! 8 5 small | 60~ 30| 60- 30| -.I3
4 [B3/8| 15165555 |4 | 8 5 small |60 - 30 | 60- 30| -4
o} oo| O[55(55 10 01} 9 none |large [60- 30| 60- 30} -.li
¥ |6|15/55]55/0 O] 9 nore |lorge |60- 30 | 60- 30| -09
s 4/ 20|55 |55 |10 019 none |large [60- 30| 60- 30| -09
X 2305555 |i0 0 9 none |large |60- 30| 60- 30| -08
Q Jwo| O|55]55 |0 0| 9 noné |large |60~ 30 | 40- 30| -.I12
R 6| 25| 55 155 |I0 ol 9 non¢ |large |60 - 30 | 40- 30} -.I2
X 4|1 25} 55 |55 IO 0 9 noné |lorge |60- 30| 40- 30| -.13
[~ 21 30| 55 |65 |IO 0] 9 none |large |60- 30| 40- 30| -.I3

(a) Three test configurations.

Figure 6.- Effect of ground proximity.
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.70 80 .90 100 =

| I

1 00

8

10

Fr

—

Symbol | Ground | Chord-ext,|Prop. dist,| Top— |Fuselage|End
injangle] m. n. |wing |width,in.|plates| My
deg dist, n. 0
a b g d € f .
o] 0| 045|145 |]00}|-10 70 none large -0.06
V 620 45|45 10 [-I 7 none |large | -.06
<o 4125 4514510 |-I 7 none |laorge | -.07
N 2130 4545 |10 |-l 7 none |large | -.07
d |oo| 0l 45|45 |10 0 7 none |large | -.11
¥ |6|20|45{45|10 | O} 7 none |large | -.16
¢ 41251 451{45 |10 o) 7 none |large | -.i1
X 2130145145 |10 0 7 none |large | -.l1

(b) Two additional test configurations. &g 1 = 60°; 8r,p = 30°.

Figure 6.- Concluded.

15
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70 80 s0 100 = R

7 | 3 0°
-2 0 2 4 6 B 1)
ED_
T
Symbols Prop dist,| Top- |Chord-ext., [ Fuselage| End My/TD
no ground ground n. wing In width, in. |platesjno ground ground
at 41n, dist, in, : at4in,
a d| e f b g . a

] ® |00 O | 70 |55 | 55| none |[large|-0.13 | ~O.13

A A 0. | O 7 45 | 45| none |large| ~-.lI -. 12
o m jlofo0o]®9 55 | 55| none |[large| -.10 | -.09
v v o]l 09 45 | 45| none jlarge|] -.08 | -.08

(a) Effect of l-inch reduction in chord.

Figure 7.- Effect of chord length. B&p 1 = 60%; &r 5 = 30°.
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g=

90°
10
8
.6 -
4l
2+
. R
70 80 90100 =
1 1 | R R 1 1 ©
O0 2 4 J 8 .0 ©
FD
T
Symbols |Prop. dist, [Top- |Chord-ext., [Fuseloge |End
ground in.___|wing in. width, n. [plates| My
at 4.1n. dist,in, TD
a | d]| e f b| @
] 100] O 70 85| 55| none large 1-0.13
A 0} 0 7 85{ 40| none |kwge| -.12
= 10 0 7 85| 30| none |lrge| -.12
\ 4 10 |-10] 7 S0| 40| none |large| -.07
< 10 |-10 7 45| 45| none |lorge| -.06
| 4 10 |-10] 7 40| 40| none |large| -.07
A | 10 10 7 50! 40| none |lorge| -.16
| 10 0] 7 40| 40| none |large| -.15
V| 10 10 7 40| 30| none |kuge| -15
» 10 10 6 401 30| none large | -.I1S
< 10 10| 6 40| O/ none |large]| -.16
@ (10| of s 50| 30| none |lrge | -12
A 10 0| 6 50| O| none [large! -.13
M |10} O 6 40| O/ none |[large | -II

(b) Additionsl test configurations.

Figure T7.- Concluded.

17
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6= 100°
L
T
FD
—T-
Symbols Prop. dist., |Top-  [Chord-ext., [Fuselage |End “My/TD
no ground| ground wing n. wdth, in. |plates [no ground| ground
at 4n. dist., in. : : at 41n.
a d e f b g a
o) ] 40| O 70 855 | 65 | none |lorge [-0.14 | -0.13
v v 4 0 8 85| 85| none f(large | -.13 -l
o u 4 0 9 55| 85| none |large | -.lI -.09
A A 10 0 7 55| 55| none |lorge -13 -13
\% L 4 10 0 9 55| 55| none |large -.10 ~.09
LY 10 o} 7 50 | 30| none |lorge -12
4 10 0] 6 50| 30| none |[large ~12
v 10 | 7 40 | 30| none |large -6
h | 10 | 6 40| 30 | none |large ~15

Figure 8.- Effect of top-wing position. Be 1= 60°; 8r,0 = 30°.
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70 80 90 100 = R
(0] 1 1 I 1 o°
0] 6 8 Ko}
Symbols |Prop. dle.,‘ Top- |Chord-ext,| Fuselage|End My
round in. wing n, width,in, [plates | ——
gf 4. dist, in. D
a d| e f b g
o 10.0]-1.0{ 7.0 50| 40| none | largel-0.07
v 10 | 7 5 4 none lorge | -.16
[ | 10 |-l 7 4 4 none large| -.07
A 0 |1 7 4 4 none | large| -5

Flgure 9.- Effect of vertical position of propellers.

8f,2 = 30°.

8r,1 = 60°%;
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FR

o g M B ! L d°
-2 o .2 - 8 10
FD
—T'
Symbols Prop. dist,,{Top~- Chord-ext., .F{Jselage End My/TD
no ground| ground n. wing in. width, in. |plates|no ground| ground
at 4n. dist., In. at 4m.
a d|e f b | g . a
(o) ] 401 O 70 55| 85| none large| -0.14 -0.13
A A 10 | O 7 55| 55| none lorge| -.I3 -13
o [ | 4 10 9 55! 55| none lorge =11 -09.
< L 010 9 55| 55| none | large| -I10 -09

Figure 10.- Effect of horizontal position of pr
dr,2 = 30°.

opelleré. sf,l = 60°;
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Symbols Prop.dist,| ToP- [Chord-ext,|Fuselage| End | Flap angles My/TD
no ground | ground in. wing in,  width,in.| plates] bottom| top  no groundiground
at 2in. dist,in.[ wing wing at 2in

a d|e f bl g de de a

J (] 0.0 O | ©.0 |[55/5.5 | none [large | 60- -30[-0.i10 [-0.0

A A I0 | O | © [5555 | none jiarge | 50-30|50-30| -.08 |- -0
N I0 | O | 9 [5555 | none [large | 40-30(40-30 - 14

v 10 10 9 5555 | none |large | 50-30|40-30 - 149

<o * I0 | 0| 9 [55/55 | none |large | 60-30|40-30| - .11 |- .13

Figure 11.- Effect of flap deflection.
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Symbols — [Prop. dst,Top- _|Chord-ext., [Fuseloge [End  [Wings  [Flap angles, MY7TD
no ground|ground aff __in.  [wing n. width, in. jplates jwith slots [both  wings |no groundiground ot
2 mn dist., in. ) . taped deg- 2 n.
a d|le| f b | g a
o) 1000 | 90 |55 [ 55| none |[large | none 0-30 | -0I0
A 0 0| ¢ 55 {651 none |[large | top 60-30 -10
o 0 {019 55 | 55 | none |lage { both 60-30 -10
v 4 10 101 ¢ 55 | 55 none |large | none 50 -30 =07 -l10
N |I0 (0] 9 55 [ 58| none |large | top 50 -30 -07
N b IO jO|© 53 | 55| none |lorge | both 50-30 -08 -07

Figure 12.- Effect of sealing the slots on the wings.

NACA - Langley Field, Va.



